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A. INTRODUCTION 
13. 1. Experiments 
(a) On t he  S.S.  t x w j e c t i l e  ( v  = 78O/m/sec) 
(b) On a p r o j o c t i l e  ( v  = 1550 m/sec) 
11. Theore t ica l  r e s u l t s  
111 . Comparison w i t h  t h o  condi t ions i n  explosions 
c .  SrnrnARY 
A. INTROFUCTION 
The quest ion t o  be t r e a t e d  1.0: how high  i s  t h e  
pressure i n  t h e  bow wave caused Sy a body f l y i n g  a t  
supersonic  speed, and how far reaching are t he  deutruc- 
t i v e  e f f ' ec t s  o f  t h a t  wave? The presaure d l s t r i b u t i m  on 
an s.S. and an S .  p r o J e c t i l e  of normal speed has been 
a s c e r t d n e d  a l r eaey  by t h e  methods of  measurement used 
a t  t h e  B a l l i s t i c  I n s t i t u t e  of t h e  Technical Academy o f  
t he  German A i r  Forces. Now s i m i l a r  i n v e s t i g a t i o n s  of t h e  
ccmditions on especial1;p f a s t - f l y i n g  bodies were c a r r i e d  
o u t  . 
I. Experiments 
(a) On t h e  s.S. proJec t l1e . -  T h e  pressure  i n  t h e  
s i n g l e  croas sec t ions  m r p e n d i c u l m  to the  axis of the 
p r o j e c t i l e  may be determined fron un interferogram taken 
w i t h  Mach-Zehnderfa in te r fe rence- ref rac tometer .  The l i n e s  
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of equal  r e s s u r e  i n  a p r o j e c t i l e  f lying w i t h  a speed 
of v = $0 meters per second ( c a l .  7, 9 mm) are shown 
i n  f i g u r e  1. 
The r i s e  i n  temperature caused by t h e  (approximately) 
a d l a b a t i  c compression corresponds t o  the increase  i n  
preaaure.  A t  0 .1  atmosphere the re  r e s u l t s  a r i s e  i n  
temperature of 100 C ,  at 0.4 atmosphere an inc rease  of 
30° C .  A t  t he  foremost po in t  o f  the nose of t he  pro- 
j e c t i l e  t h e  su r face  i s  p e r p e n a c b l a r  t o  the d l r e c t i o n  of 
t h e  flow. tie assume f o r  th i s  imzediate region the  vcilues 
of pressure  and temperature of tl p l a t e  i n  perpendicular  
flow. 
phere and a r i s e  i n  twnperhture o f  about 300° C .  
m e r e  r e s u l t s  an inc rease  i n  2 re s su re  gf  6.5 a tnos-  
( b )  T)n a n r o j e c t i l e  w i t h  ti speed o f  v = 1550 meters 
per  second. - &io t h e r  pro j e m % i  tn double t h e  speed 
7 v  = l b > O  m/sec and c a l .  7 ,  9 mn) was examined and coni- 
pared with t h e  s.S. p r o j e c t i l e .  Figure 2 shows the  i n t e r -  
f e rence  p i c t u r e  f o r  that g r o j e c t i l e .  This p i c t u r e  is very 
s i m i l a r  t o  t h e  one shown by p r o j e c t i l e s  f l y i n g  more slowly, 
except f o r  an inc rease  i n  t h e  disarrangement of i n t e r -  
fe rence  f r i n g e s  crnd a decrease of t h e  angle of t h e  3ow 
wave. 
Figure 4 shows t h e  c3urse of t a e  pressure  d i s t r i b u -  
t i o n .  As was t o  be expected, the  boundary pressure  of 
the bow wave i nc reases  about fou r - fo ld  (that i s  w i t h  
compared w i t h  t h e  boundary pressure  a t  h a l f  t h e  speed 
( v  = 760 m/sec). Tile increase  i n  temperature caused by 
the  (approximately) a d i a b a t i c  comprossion (without con- 
s i d e r a t i o n  of t he  f r i c t i o n )  a l s o  can be i n f e r r e d  from 
figure 4. 
c a l i b e r s  of a geometr ical ly  s i m i l a r  b o d y .  Thero i s  only 
one condi t ion t o  be m e t  f o r  s i m i l a r  f lows a t  s u m r s o n i c  
speed: The Mach numbers M = v/a f o r  corresponding 
po in t s  of t h e  flow t o  be examined and the  model flow nave 
t o  agree.  Pressure ,  d m s i t y , a n d  v e l o c i t y  a t  geometr ical ly  
similar po in t s  are re tainer l .  Tho r s l a t i a n s  chun(;e only  
i n  p laces  where the  f r i c t i o n  i s  of importance as f o r  
i n s t ance  th6 su r face  of t h e  p r o j e c t i l e .  
v2) 
These r e l a t i o n s  can be t r a n s f e r r e d  t o  othr j r  
I T  Theore t i ca l  Rusul ts  
According t o  P r a n d t l f s  formula f o r  dynamic pressure 
t he  r e s u l t  t o  be expected f o r  t h e  nose of t he  p r o j e c t i l e  
(. .. 
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can only  be an increase  
to- -Prandt l .  the increase.  
po in t  i s  
i n  
i n  
pre  a sure 
pre, s aryl e 
3 
w i t h  v2. According 
at-, $he s t agna t ion  
The cor rec t ion  f a c t o r  assumes up t o  t h e  Mach number 3 the 
value 1.8 and converges, for h i m e r  Mhch numbers, toward 
t h e  value 1.84. T h i s  means that  the  pressure with in  the  
r m g e  of t h o  Mach number from 0 t o  3 i nc reases  somewhat 
f a s t e r  than w i t h  t h e  square of ve loc i ty .  I n  a l l  o t h e r  - 
reg ions ,  howevei-, t h e  pressure  i s  propor t iona l  t o  vz. 
Therefore,  t h e  h i g h e s t  poss ib l e  pressure a t  the nose i s  
. 28 atmospheres(M = 4.5). 
The theory of  c m i c a l  p r o j e c t i l e s  h l s o  proves that ,  
appro aches 
k(v/a)'  
A D/P f o r  h igher  Bach numbern, the  value 
e. constant  value (compare f i g .  5 ) .  (The value bP/P 
k ( v / a P  
g ives  a mehmre f o r  t he  pressure a t  the su r f sce  o f  ihe 
p r o j e c t i l e  which i s  c e r t a l n l y  aluays lii&er than the 
Dressure a t  tho bow wave.) Fron this  f a c t  t h e r e  r e s u l t s :  
~ p / p  = prop .  (v /a )2  = prop. vz 
111. Comparison of  the  Pressure E f f e c t  of the  Bow have 
With the Preasnre Zf'fect of a Shock Wave 
Caused by 6n Explosive 
A n  example w i l l  s h o w  how t o  compare the  two e f f e c t s .  
The c a l i b e r  of the  pro:ecti le s h a l l  be 180 centimetera.  
The s k c k  gave snreads perpcndicular  t o  the bow wave a t  
about sound ve loc i ty .  The pressure  d i s t r i b u t i o n  i s  similar 
t o  the on9 i n  a detonat ion.  (Proesure d i s t r i b u t i o n  f o r  a 
cross  s e c t i o n  Q i n  7 c a l .  d i s t ance  from the nose o f  the 
a r o j e c t i l e . )  (See f i g .  4 and f i g .  6 . )  
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The tXme e l aps ing  from the ressime drop t o  the pres- 
sure  0 atmosphere i s  about 3 t o  E meters  f o r  a l l  c ross  
sec t ions .  The d e s t r u c t i o n  of f o r  i n s t ance  a window pane 
depends on t h e  l e n g t h  o f  time it i s  exposed t o  pressure 
as well  a s  on the maguitude of the  pressure  s t r i k i n g  upon 
i t .  The necessary pressure i a  0.5 atmospneiw; this f i g u r e  
r e s u l t s  frm the  cXa;rms on t he  du ra t i cn  of  excess pres-  
sure  UB a f imct ion  oSQ t he  riiatance that  were obtained a t  
t h e  B t l l l i s t i c  Tns t l t u%e  o f  t he  Technical Academy of tho  
German A i r  Forces Gstow and f r o n  the  c h a r a c t e r i s t i c  l i n e s  
of d a s t r u c t i o n  f o r  alndos panes as a f i n c t i o n  o f  pressure, 
C?istance8 and q u a n t i t y  rf explosive mat ter  that  were 
bscer ta ined  t h e r e  also. Tnis prossure occurs  so close 
to t h e  p r o j e c t i l e  tha t  i t  i u  s t i l l  recorded i n  f i g u r e  4. 
At a c a l i b e r  o f  1.8 meter t he  pressure  of 0.5 atmosphere 
appears a t  a d i s t ance  of 3 metes from ths p o j e c t i l e .  
Not um'e than  about 20 8 02 s x ~ l o s i v e  would b6 necessary 
t o  des t roy  a wlndow nano a t  tnat u ls tance .  If t h e  destruc-  
t i o n  o f  o b j e c t s  o t h e r  than window Fanas is intended these  
observat ions can be c a r r i e d  out only rvhen th6 charac te r -  
i s t i c  l i n s s  of destruciADn a r e  known. One then w i l l  
probably ob th in  no loriper &n amount of bu r s t ing  charge 
of 20 g .  Rut the new r e s u l t  will not  d i f f e r  e s s e n t i a l l y  
from the  f n m e r  one. 
A p r o j e c t i l e  wi tn  t h e  speed o f  v = 1550 meters psr 
second was expended i n  order t o  t e s t  hnw fur reaching t h e  
d e s t r u c t i v e  effects cauced by the  bow whve af an e s p e c i a l l y  
f 'kst-flyinq body w i l l  be .  The 2rcssurc  d i s t r i b u t i o n  
around the p r o 2 e c t i l e  was measured by means of  an i n t e r -  
forence method. The r e s u l t  was that t h e  y e s s u r e  inc reases  
w i t h  about 7;2 and tha t  t h o  des t ruc t ive  e f f e c t s  caused 
by t he  bow w&ve CUI be a t t a i n e d ,  oven a t  a ca l iber  o f  
1 . ~ 8  metere,  by a q u a n t i t y  Df e x - ~ l o s i v e  mat te r  no l e r g s r  
than about 20 g .  
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Pressure  d i s t r i b u t i o n  around a p r o j e c t i l e  
4 a t  V=1550 m/sec 
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